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Changqing old oilﬁeld Jurassic reservoir's average calibration recovery is 24.7%, with geological
reserves recovery of 16.6%, water cut of 65.2%. And most of Jurassic reservoirs are in the middle and
later ﬁeld life, part of them has entered the high water cut and high recovery stage. Traditional
water ﬂooding way for improving oil recovery becomes more difﬁcult, and new method has to be
considered. Maling oilﬁeld BS district is a typical representative, with high water cut of 90.8%, high
recovery percent of 26.1% and low oil recovery rate of 0.25%. To explore the new way to improve oil
recovery, the polymer and surfactant (SP for short) important pilot test has been developed. The
low permeability reservoir indoor core data in high water cut stage and inspection well results
indicate that the reservoir permeability, pore combination characteristics and pore type changed
greatly after long-term water ﬂooding development. These changes bring more difﬁculties to the
continue development, especially the high injection pressure, which can cause other problems for
well pattern inﬁlling and EOR. This paper takes the high injection pressure problem of Maling BS
district Jurassic reservoir for example, analyzes the physical property change law on the following
aspects: the development mode in the past, core analysis, formation sensitivity, interstitial matter,
well test interpretation results, in order to help to further effective development and provide
important parameters for tertiary oil recovery technique for similar reservoirs and others.
Copyright © 2015, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
At present, there are three types of developedmain reservoirs
in Changqing oilﬁeld: Jurassic reservoir, Triassic low and extra-
low permeability reservoir [1], which account for the produc-
ing geological reserves of 17%, 51% and 32% respectively.
Jurassic reservoir's average calibration recovery is 24.7%, with
geological reserves recovery of 16.6%, water cut of 65.2%. For
many years of water ﬂooding, Changqing oilﬁeld Jurassic media-angguan).
troleum University.
ier on behalf of KeAi
niversity. Production and host
creativecommons.org/licenses/blow permeability reservoir has entered themedia-high water cut
phase, the water-cut rate has been over 75% and the ratio of total
oil produced to the OOIP has been less than 30%.The two main
factors that inﬂuence the oil recovery are displacement efﬁciency
and volumetric sweep efﬁciency, therefore well pattern inﬁlling
and EOR become effective methods to improve oil development.
However, the water ﬂooding development way that we used in
the past and the physical property change will frequently bring
more difﬁculties to the well pattern inﬁlling and EOR, so
analyzing the physical property change will not only help to
effective development, but also provide important parameters
for tertiary oil recovery technique.
According to thewater ﬂooding problems that we faced in the
well pattern inﬁlling of Maling oilﬁeld BS district, this paper
analyzes the effect of physical property change to the oilﬁeld
water ﬂooding and EOR, and provides the basis of oil develop-
ment decision.ing by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open
y-nc-nd/4.0/).
Fig. 2. BS district injection pressure historical data.
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Changqing Jurassic old oilﬁeld, represented byMaling oilﬁeld,
has high water cut, high recovery percent, low oil recovery rate
and low water ﬂooding recovery. To explore the new way to
improve the oil recovery of Jurassic reservoir, we developed
polymer and surfactant important test in the remaining oil area
of the Maling oilﬁeld BS district.
BS district located at Huan county of Gansu province, explo-
ration started in the mid-1970s, development started in1998,
main production horizon is Yan'an Formation Y-10, calibration
recovery is 27.7%, with the average porosity of 13.3％, the average
permeability of 110mD, the original oil saturation of 62%, the
formation water salinity of 23800 mg/L, the initial formation
pressure of 13.48 MPa, the initial reservoir temperature of 50 C.
Test area was selected in the north abundant remaining oil
area, in the test area 14 new wells were drilled and 2 old wells
were utilized, and irregular inverted seven-spot well pattern has
been adjusted to ﬁve-spot, producer-injector spacing changes
from 250e350 m to 150 m (Fig. 1).
In the water ﬂooding stage, the injection pressure reaches to
17 MPa in the early production stage, consequently, two rounds
acidiﬁcation and stop injection, three rounds injection-
production adjustment have been conducted to reduce injec-
tion pressure. The measures result is obvious, but the overall
effective time is very short (average 68 days. At present, the
water injection pressure still remains at 17 MPa, there is no
pressure rise space for subsequent polymer and surfactant
ﬂooding. The high injection pressure caused serious problems to
thewater ﬂooding and polymer and surfactant ﬂooding. After the
failure of these measures, it is crucial and urgent for us to make
clear why the injection pressure is higher than before when the
producer-injector spacing is shorter, some researches were car-
ried out to study the reason of high injection pressure (Fig. 2).Fig. 1. Injection pressur3. Reason analysis of high injection pressure
Historical data of water injection well indicates that high in-
jection pressure was relatively high in the early production stage
because of water-sensitivity and acid sensitivity.
There were 16 water injection wells during 1999.8e2010.9 in
the development of Maling oilﬁeld BS district. According to the
water injection data statistics over the past years, 9 water wells
injection pressure were above 14 MPa, the rest well's injection
pressure is below 10 MPa, but successively rise above 15 MPa in
the later period.
Under the original reservoir condition, 56% injection well's
injection pressure was at 14.5e16 MPa which is a relatively high
value for Jurassic reservoir, the injectionwater and formation are
incompatible; but the injection pressure can be reduced to
10e12 MPa if acidiﬁcation has obvious effects, but it still rise toe distribution map.
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age caused by long termwater injection. The monthly data curve
of water injection well M13-12 demonstrates this characteristic
(Fig. 3).
Under the original reservoir condition, 37% injection well's
pressure is less than 5 MPa, but 3 of them rapidly rise to 15 MPa
in the next year and another 3 slowly rise to 15e18 MPa, for-
mation plugging and damage exit because long-term water in-
jection. The monthly data curve of water injection well M10-
91demonstrates this characteristic (Fig. 4).
We plot the scatter diagram of injection pressure and daily
injected rate from the old water injection well whose regulated
injection rate is over 30 m3, therefore if daily injected rate is less
than 10, it means that the water is not being injected or injected
enough. Through the statistical data research, it is clear that the
injection pressure mainly keeps around the level of 16 MPa if
water is not being injected or injected enough; injection pressure
mainly keeps around the level of 12 MPa if water is being
injected well (Fig. 5).
In order to research the residual oil distribution and forma-
tion change, three inspectionwells were drilled and 239 items of
indoor core experiments were conducted. Inspection well anal-
ysis results indicate that the mean pore size decreases, pore
structure is complex, physical property becomes bad because of
long-term development with lower than initial formation pres-
sure, interstitial matter increase.
The pore structure type research indicates that BS district
pore types are primarily intergranular pores with the average
area percent of pore of 8.6%, mean pore size of 83 mm. Comparing
to the exploratory, all of these data decrease. Research shows
that this decrease is related to the formation pressure change and
formation plugging (Table 1).Fig. 3. M13-12 monInitial formation pressure of BS district is 13.48 MPa, and the
formation pressure decreased dramatically in the early devel-
opment period because the injection-production system is
imperfect and oil recovery rate is too high. The formation pres-
sure returned to be above initial formation pressure in 2008 due
to high water cut oil well converted into injection well. Since the
formation pore change is irreversible, even formation pressure
can be back to initial formation pressure by water injection, the
pore can never be back to the original state, physical property
become worse. The formation pressure is above the initial
pressure in the late period development which in some extent
aggravates the rise of injection pressure. The formation damage,
caused by this reason, can be greater than that of reservoir
sensitivity (Fig. 6).
The research results of reservoir sensitivity show the differ-
ence between the old wells'data and inspectionwell. For velocity
sensitivity, the old wells' data points out that there is no velocity
sensitivity. Inspection well analysis shows the medium to weak
sensitivity. For water sensitivity, the old wells' data points out
medium to strong water sensitivity, but the inspection well
shows medium to weak sensitivity. For acid sensitivity, the old
wells' data points out weak acid sensitivity, but the inspection
well shows that medium to weak sensitivity, strong sensitivity
exist [2]. The difference may be caused by the sample limitation,
but it provides the basic information.
Interstitial matter research shows that the total content
interstitial matter increase, primarily siliceous minerals, hydro-
mica and Kaolinite which account for 92.3% of total interstitial
matter. The casting thin sections picture show Authigenic min-
eral plug the channel, Kaolinite caly mineral migrates with in-
jection water and accumulates in the other part of the pore and
plugs tiny channel [3]. Quartz overgrouth and hydromica matrixthly data curve.
Fig. 4. M10-91 monthly data curve.
Fig. 5. Scatter diagram of injection pressure and daily injected rate（regulated rate
30 m3）.
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tivity mineral is carried by injected water; hydromica increase
suggests that water sensitivity mineral swells and disperse in
water, plugs smaller channel and the formation pore connec-
tivity decreases (Figs. 7 and 8).
BS district Y10 formation mercury intrusion pore structure
characteristic data shows that Comparing to the exploratory well
data, porosity, median radius decrease, threshold pressure, me-
dian pressure increase, pore structure is getting worse [4]. Ac-
cording to the physical property data statistics of inspection well
core sample analysis, main production horizon Y1012 is low
permeability reservoir with average permeability of 109mD,
average porosity of 13.0%、comparing to the previous data, the
porosity somewhat decreases and permeability remainsunchanged. On the basis of present production performance,
experimental permeability is not reliable, dynamic permeability
should be exaggerated the contrast (Table 2).
Well test interpretation is the only method to calculate the
dynamic permeability. It is known that well test software
calculation is based on the classical Darcy Law which is not
completely suitable for our low and extra-low permeability
reservoir, so the interpreted permeability maybe not accurate,
but we still can predict the trend of physical property change by
studying the change law of the interpreted permeability and
pressure derivative curves without knowing the speciﬁc real
dynamic permeability [5]. The comparison of the well test curve
and interpreted results between new and old water injection
well indicate that dynamic permeability gradually decreases,
formation plugging is serious and physical property becomes bad
(Fig. 9).
The well test data of old water injectionwell indicates that, as
the water injection development, well test interpreted perme-
ability is gradually smaller, pressure derivative curve homoge-
neous phase is losing, difference among pressure and pressure
derivative curve is shorter, and small humps on derivative curves
which means the physical property becomes worse [6]. Ac-
cording to the statistics of all injection well's well testing data,
we plot the relation graphs. The injection pressure has negative
correlation with the interpreted permeability, the higher injec-
tion pressure is, the lower permeability will be.
The well test data of old water injectionwell indicates that, as
the water injection development, well test interpreted perme-
ability is gradually smaller, pressure derivative curve homoge-
neous phase is losing.
The difference among pressure and pressure derivative curve
is shorter, and small humps on derivative curves which means
the physical property becomes worse [7].
Table 1
BS Y10 formation pore combination characteristics.
Well Reservoir space（%） avg.pore
diameter(um)
Intergranular
pores
Intergranular
dissolved pores
Felspar
dissolved pores
Cutting
dissolved pores
Intracryst
alline pore
Microﬁssure Plane
porosity
M18-9 15.0 0.0 0.8 0.4 0.2 0.0 16.4 108
M101 8.5 0.5 0.9 0.5 0.4 0.0 10.8 115
M102 15.0 0.0 0.8 0.4 0.2 0.0 16.4 110
M103 11.8 0.0 0.7 0.4 0.2 0.0 13.2 80
XM10-8 6.5 0.0 2.3 0.1 0.3 0.0 9.5 140
Subtotal 11.4 0.1 1.1 0.4 0.2 0.0 13.2 111
MJ103 13.6 0.0 1.0 0.6 0.4 0.0 15.6 138
MJ15-10 4.3 0.1 0.7 0.3 0.2 0.1 5.6 46
MJH5-3 6.7 0.2 0.6 0.3 0.2 0.1 8.1 62
MJ13-8 7.1 0.6 0.9 0.4 0.3 0.0 9.4 61
Subtotal 8.6 0.2 0.9 0.4 0.3 0.03 10.4 83
Fig. 6. BS district formation pressure curve.
Fig. 7. Authigenic mineral plug the channel.
Fig. 8. Kaolinite migrate and plug channel.
Table 2
BS district Y1012 formation conventional physical property analysis data.
Well Sample number Porosity（%） Permeability（103 mm2）
Min Max Avg Min Max Avg
M14-5 84 6.7 16.5 12.7 0.14 250.6 104
M18-9 79 9.5 17.3 13.9 0.11 180 85
XM10-8 62 7.7 18.1 15 0.72 705.7 116
Subtotal 225 8.0 17.3 13.9 0.32 379 102
MJ103 95 7.9 17.6 13.7 0.21 927.9 129
MJ15-10 172 2.7 18.7 12.4 0.13 452 117
MJH5-3 153 6.8 18.8 13.7 0.11 980 135
MJ13-8 170 7.2 16.7 13 0.11 142.9 76
Subtotal 495 5.7 18.1 13.0 0.12 525 109
Fig. 9. The relation map of injection pressure and interpreted permeability.
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permeability decrease year by year and the distance between
difference curve and derivative curve increase and decrease
correspondingly. Which mean the physical property becomes
worse with water injection.
For new well, we can see from the injection proﬁle, after 9
months injection, the upper layer stop absorbing water, corre-
spondingly the radial ﬂow is losing in the derivative curve and
the interpreted permeability decrease, injection pressure in-
crease; after the acidiﬁcation the upper layer start absorbing
water again, the interpreted permeability increase, injection
pressure decrease which means the injection pressure proﬁle
interpreted permeability pressure curve and injection proﬁle
Fig. 10. M12-9 well test double logarithm pressure curve (2004.2006.2008.2009).
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Fig. 11. MH8-1 pressure drop curve.
Table 3
BS district water quality monitoring results.
Sample
time
Sample position Total iron,
mg/L  0.4
Suspended
matter,
mg/L  1.0
Particle mean
diameter,
mm 1.0
2013.8.28 Water source well 0.71 3 0.233
2013.8.28 Water tank export 1.14 2.56
2013.8.28 Fine ﬁltrator export 1.18 3.22 3.062
2013.8.28 Ion exchanger export 1.00 1.22
2013.8.28 Pump import 2.61 8.89 2.618
2013.8.28 Polymer tank export 0.85 3.22
2013.8.28 Polymer ﬁltrator 1.18 1.89 5.951
2013.8.28 MH6-2 pump export 1.00 2.33 5.073
2013.8.28 MH4-3 pump export 0.56 2.44
2013.8.28 MH6-2 0.85 1.56 6.757
2013.8.28 MH4-3 0.43 1.89
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but we need to know what kind of the plugging is (Fig. 10).
The pressure drop curve indicates that the pressure drops very
fast in the ﬁrst hours, which means the near well bore plugging
exists [9]. The near well bore plugging should be related to the
water quality, the water quality monitoring results shows that,
total iron、suspended matter and particle mean diameter are all
over standard, that is one of the high injection pressure reasons
(Fig. 11).
Whatwe can conclude is that the high injectionpressure is the
result of physical property change caused by long term water
injection、near well bore plugging、 water quality and acidiﬁ-
cation. The most important factor is the near well bore plugging.
We can not change the physical property, butwe still can improve
the injection process and water treatment equipment and acid-
iﬁcation technology to decrease the injection pressure (Table 3).
4. Conclusions
The damage of the water ﬂooding to the formation is objec-
tive, on one hand we should analyze the main inﬂuence factor
and judge the damage degree accurately, on the other handcorrect measure arrangement and decision making should be
conducted successfully for the further oilﬁeld development, and
the experience also has great guiding signiﬁcance for the water
ﬂooding development of other reservoir type.
(1) Under the original condition in BS district, injection pressure
can reach to 15e16 MPa; if the water is not being injected,
the injection can be 16 MPa, which is relatively high for
Jurassic reservoir.
(2) Through long term water ﬂooding, the pore structure be-
comes worse and pore connectivity decreases, this relates to
the formation pressure change and formation plugging.
(3) The high injection pressure is the result of physical property
change caused by long termwater injection、near well bore
plugging, water quality and acidiﬁcation.
(4) As for BS district development, because of the effective
acidiﬁcation of MH6-1, acidiﬁcation for other high injection
pressure wells should be implemented again referring to the
technology and formula of MH6-1, sampling the return liquid
before and after the implement and analyzing the plugging
materials.
(5) As for the injection water, the research of compatibility with
formation should be strengthened, and corresponding water
treatment technology should be applied to make sure the
water quality reaching standard.
(6) As for other Jurassic reservoir development, in order to avoid
the problem of irreversible physical proper change, forma-
tion pressure should not be lower than the initial formation
pressure for a long term.
(7) Comparing to the well log interpretation permeability and
experimental gas log permeability, the well test interpreta-
tion permeability can better reﬂect the real formation situ-
ation, but the well test interpretation technique for low
permeability reservoir still needs further research.References
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